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Abstract
Nowadays, the Fourth Industrial Revolution has brought artificial intelligence to the forefront, and more and more intelligent
robots begin to be used in the hospitality industry. In this study, the application of service humanoid robots in the hospitality
industry is investigated based on Cardiff Metropolitan University EUREKA Robotics Lab’s robot as reported by Lab (in
Eureka robotics lab, 2017, https://www.cardiffmet.ac.uk/technologies/Pages/EUREKA-Robotics-Lab.aspx). The research
ontology of this study is post-positivism. The research philosophy of this research is phenomenology. Phenomenological
studies have indicated that this phenomenon can only be truly understood and experienced through subjective immersive
research directly involving researchers, and the interaction among researchers is an integral part of the research. In this
study, the data are collated through case researches and experimental interviews. Finally, Some proposals for transforming
the traditional hospitality industry into the direction of intelligence is summarized. In future research, a technical model
combining artificial intelligence will be further developed.

Keywords Service Humanoid robotics · Robot in hospitality · Artificial intelligence

1 Introduction

1.1 The Background of Intelligent Humanoid
Robotics for Hospitality

The First Industrial Revolution that began three hundred
years ago was an unprecedented period of technological,
economic, and social change that completely transformed
British culture from a largely rural, static society with limited
production and division of labor into the world’s first mod-
ern industrial society [4]. Nowadays, the Fourth Industrial
Revolution is continuously characterized by the emergence
of artificial intelligence and automated robots [14]. The
Fourth Industrial Revolution is disrupting and changing the
transformation of the entire ecosystem of education and busi-
nesses, from operation production to service and hospitality
[31]. Although most hospitality industries still maintain the
traditional business model, Artificial Intelligence (AI) and
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automated robots have emerged in the hospitality industry
andmade subtle changes. Service humanoid robots have been
introduced for hospitality inChina, Japan, andMalaysia since
2016 [10,41,42].However, how can these humanoid robots be
introduced to the hospitality sector and what are the possible
impacts around business processes and ethical-privacy-legal
agenda still require to be further investigated. Besides, some
researchers stated that highly intelligent humanoid robots
may face ethical and moral challenges. There are still other
complications such as whether humanoid robots can be
regarded as legal persons to assume legal obligations and
how robots can get along better with humans and live in the
same environment. Since 2014, the Ministry of Economy,
Trade, and Industry of Japan has issued a series of robot pol-
icy guidelines to solve the commercial and safety problems
of the “next generation of robots” [25]. They proposed to
establish “Tokku” Robot Experience Test and Development
Zone (RT Zone) and another special zone where humanoid
robots and humanoid robots coexist peacefully considering
the deregulation of robots in RT Zone [44]. The ability to
solve the problem of robots in business processes and ethics-
privacy-law by mimicking the RT Zone in Wales is also one
of the main considerations in this study.
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Fig. 1 Robot of China’s Alibaba AI Lab [40]

Fig. 2 Smart restaurant [17]

A hotel robot was launched in China’s Alibaba AI Lab.
All the processes of the experimental robots from delivering
the meal to washing the clothes to the guests are conducted
by the guest by a voice command robot (Fig. 1).

Intelligent restaurants have emerged in China. Consumers
can order food through the intelligent system or pay attention
to the public number.After order payment, the intelligent stir-
frying machine completes the actions such as dish making,
potting, and cleaning. Ultimately, seven types of equipment
during the process of cooking dishes from automatic feed-
ing, automatic stir-frying, to automatic cleaning only need
one person to operate. Cargo Intelligent Kitchen will repli-
cate mature models into commercial blocks, office buildings,
community and enterprise canteens, and other scenes in the
future to follow its innovative attempt to integrate intelli-
gent technology with catering scenes, contributing to serving
more people and meeting increasing personalized needs of
consumers (Fig. 2).

As the world’s first robotic Hotel certified by Guinness
World Records, Henn-na has been operating in Japan since

Fig. 3 Henn-na in Japan [5]

Fig. 4 Robot in Malaysia Nam Heong restaurant [34]

2015. Almost all the hotel’s receptionists, messengers, clean-
ers, and baggage handlers are robots (Fig. 3).

Recently, some coffee houses in Malaysia have begun to
employ robots as formal employees to serve consumers (Fig.
4).

In summary, intelligent humanoid robots have been used
in various hospitality industries and serve as human beings
for employees. The original intention of the introduction of
intelligent robots is to better attract customers and reduce
the cost of the service staff in the hospitality industry. How-
ever, Japan’s Henn-na “Strange” Hotel has laid off half of its
243 robots after they created more problems than they could
solve, as first reported by The Wall Street Journal [41]. This
failed case sounded the alarm for introducing robots to the tra-
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ditional hospitality industry. For example, chafingdish robots
have been introduced in Chongqing, Fuling, Yongchuan, and
other local chafing dish shops since 2015; however, these
robots have disappeared because consumers have lost their
freshness. The head of the chafing dish restaurant stated that
a robot can hold up half of the waiters while it cannot com-
pletely replace the waiters. Waiters are still required to bring
the food to the table for the robots to deliver food to a cus-
tomer’s table. Although robotic waiters are not emotional or
need no training, they are unable to communicate freely with
customers and cope with emergencies, with obvious short-
comings [35]. These failed cases do not indicate that robots
are not suitable for the development of this field while they
suggest that robots should focus on the development of data
analysis and service intelligence. Intelligent technology has
brought a lot of challenges and problems, as well as changes
to the traditional industries. Therefore, how to predict and
solve these problems more reasonably is a major challenge
for intelligent technologies such as robots. Focusing on the
challenges of the introduction of intelligent technologies, a
rational framework for the application of intelligent robots
in the hospitality industry is developed in this study.

1.2 Problem Definitions and Research Motivation

As described in the previous section, intelligent robots face
many challenges in this context. More and more intelligent
technologies such as AI, robotics, the Internet of Things, and
biotechnology are redefining the entire industry and creating
new industry management models [37]. The traditional hotel
industry faces challenges such as labor shortages, an increase
in the number of international tourists, and a large number
of consumer data [3]. The main motivations of this paper
are how the intelligent humanoid robots can better adapt to
the hotel industry, how the problems and challenges faced
by the traditional hotel industry can be solved, and how new
business models can be created.

How to better integrate AI humanoid robots into the hos-
pitality industry and avoid similar incidents happening again
in Henn-na hotel of Japan are themain concerns of this study.
According to the background and environment experienced
by the service humanoid robots are, the research defines the
following problems:

(1) Are there any legal restrictions on AI robots in various
countries?What are the advantages and disadvantages of
the existing intelligent robot hosting cases?

(2) Are there loopholes in the traditional hospitality indus-
try? Can Intelligent Robot Hospitality improve user
experience through models?

(3) Which humanoid robots are most suitable for hospitality
(such as NAO and SANBOT) and what artificial intel-
ligence technologies (knowledge-based or case-based

reasoning) are used by robots or humans to manage
which operations, tactics, or strategic business decisions?
Which voice engines will be used for human-computer
interaction (GoogleSpeechorMicrosoftAzure), andhow
to integrate or customize the service management frame-
work of intelligent robots in the hospitality industry to
influence the business process of the intelligent hospital-
ity industry?

This study aims to solve the problem of the above def-
initions through a large number of investigations and field
visits.

1.3 Aim and Objectives

Corresponding objectives have been formulated in this study
through the detailed definition and clarity of the problem
in the previous section. Based on the existing capability of
the EUREKA Robotics Lab at Cardiff School of Technolo-
gies, a customer-servicing humanoid robotic programme is
designed to enhance hospitality services. Depending on the
diffusion of high-level knowledge from the University, the
growth of the hospitality is promoted by the skills and tech-
nologies of challenging and transforming business services
and processes. Aiming to successfully translate the research
and innovative business processes into new improved and
customised commercial products and services, the available
Al-driven robot technology is transferred to the hospitality
with the following objectives:

(1) To investigate appropriate examples and implementation
models of humanoid service robots in major countries
worldwide (China, Japan, Korea, and Germany) through
legal privacy and ethical governance.

(2) To explore and discover current and traditional hospi-
tality processes, the customer maturity model, and the
further enhancement through AI.

1.4 Research Constraints

The amount of data collected by the research institute in a
developing innovative technology industry is limited to a cer-
tain extent. Besides, the prototype designed in this study will
only be tested on a single type of robot because of equipment
limitations (SANBOT [36]).

2 Literature Review

2.1 Literature Review Design andMethod

The objectives proposed by the Institute mainly focus on
using robot-related technologies to improve and enhance
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the business model of traditional hotels. Besides, the ethical
governance and legal privacy involved in an innovative tech-
nology applied in the service industry are the guarantees that
technology can continue to operate in the future.This requires
research and comparison of a large number of existing cases
and implementation models. Moreover, the introduction of
new business processes and strategies has strengthened the
traditional business model based on traditional business pro-
cesses and strategies. In this study, a systematic literature
reviewaccording to the aboveobjectives is conducted to solve
the following problems:

(1) What are the measures and challenges in the case of each
country?

(2) From what aspects can intelligent robots and intelligent
service technologies enhance the traditional model?

(3) What are the existing robotics technologies utilized in the
service industry?

The Scopus database for a preview analysis of the liter-
ature review is employed in the study. Scopus is Elsevier’s
abstract and citation database launched in 2004. All journals
in the Scopus database are reviewed each year to ensure that
high-quality standards can be maintained. A series of key-
word search strings are used in the theme to determine the
research area of the robot for service.

(1) TITLE-ABS-KEY ( robot AND service )
(2) TITLE-ABS-KEY ( robot AND service ) AND ( LIMIT-

TO ( SUBJAREA , “COMP” ) OR LIMIT-TO ( SUB-
JAREA , “ENGI” ) OR LIMIT-TO ( SUBJAREA ,
“MATH” ) OR LIMIT-TO ( SUBJAREA , “SOCI” ) OR
LIMIT-TO ( SUBJAREA , “BUSI” ) OR LIMIT-TO (
SUBJAREA , “PSYC” ) OR LIMIT-TO ( SUBJAREA ,
“MULT” ) OR LIMIT-TO ( SUBJAREA , “ECON” ) )

(3) TITLE-ABS-KEY ( robot AND service ) AND ( LIMIT-
TO ( SUBJAREA , “COMP” ) )

(4) TITLE-ABS-KEY ( robot AND service ) AND ( LIMIT-
TO ( SUBJAREA , “ENGI” ) )

(5) TITLE-ABS-KEY ( robot AND service ) AND ( LIMIT-
TO ( SUBJAREA , “MATH” ) )

(6) TITLE-ABS-KEY ( robot AND service ) AND ( LIMIT-
TO ( SUBJAREA , “BUSI” ) )

(7) TITLE-ABS-KEY ( robot AND service ) AND ( LIMIT-
TO ( SUBJAREA , “BUSI” ) ) AND ( LIMIT-TO (
SUBJAREA , “ECON” ) OR LIMIT-TO ( SUBJAREA ,
“PSYC” ) )

In this study, a large number of references were retrieved
using the above search strings. The references are screened
in this section. The screening process is illustrated in Fig.
5 Through the first group of keywords (robot and service),
11,698 related articles were searched. These documents

are designed for computer science, engineering, mathemat-
ics, sociology, business, economics, psychology, interdis-
ciplinary, and other fields. The fields of hospitality and
computer science are combined because the main research
area belongs to the subfield of service science. Therefore, the
first screening of articles was conducted, excluding a total of
700 articles thatwere not related to the hospitality industry. In
the remaining articles, the research area was narrowed down.
According to the research objectives, the research area was
reduced to business, management, economics, economet-
rics, and finance. After narrowing the scope, the remaining
number of articles is 200. Finally, the relevant cases and lit-
erature suitable for the purpose of this study are found out
through manual screening with 200 articles. Manual screen-
ing and auditing of methodological quality measurements
were adapted on Joanna Briggs Institute [15], and the key
assessment tools included JBI Critical Appraisal Checklist
for Systematic Reviews and Research Syntheses. (Fig. 6).
According to the audit tools, the following issues are consid-
ered in the audit:

(1) Is the review question clearly and explicitly stated?
(2) Were the inclusion criteria appropriate for the review

question?
(3) Was the search strategy appropriate?
(4) Were the sources and resources used to search for studies

adequate?
(5) Were the criteria for appraising studies appropriate?
(6) Was critical appraisal conducted by two or more review-

ers independently?
(7) Were recommendations for policy and/or practice sup-

ported by the reported data?

It can be seen that the introduction of the JBI critical
tool includes the requirements for the exclusion of articles
and peer review in the process of exclusion. The process
of peer review is that the researchers first screen the litera-
ture, and then the peers double-check the screened literature
for compliance with the JBI exclusion criteria tool. Since
the research object is mainly humanoid robots, when the
researchers exclude, they default to follow the principle of
humanoid robot priority. In addition, in order to ensure the
novelty of the research results, the included studies follow the
priority of selecting the latest results of the past five years.

2.2 Challenge of Traditional Hospitality

The traditional hospitality industry is facing tremendous
changes such as the increasingly fierce competition and the
increasing demand from customers. Besides, there are dif-
ficulties in the management of human resources due to the
bad attitude of some employees [39]. Since the hospitality
industry’s business process involves high-frequency inter-
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Fig. 5 Literature case screening process

action with customers, the service quality of employees is
the key to ensuring the long-term management success of
hospitality [27,39]. Ostrom also pointed out that both the
consumer’s consumption habits and the management of the
service industry have undergone tremendous changes in this
era of high-speed information communication technology.
In addition to improving the service quality of employees,
he also mentioned the use of big data to promote services
[27]. Most research indicated that traditional service indus-
tries should apply technologies to continuously stimulate
service innovation, especially in improving employee service
quality and staff management. The Fourth Industrial Revolu-
tion brought an opportunity for the introduction of humanoid
intelligent robots in the service industry [29]. Humanoid
intelligent robots that can replace human services are able
to use technical means to deal with big data that humans
cannot handle to improve the service quality. Besides, the
service industry can collect data generated by consumers
through robots to avoid the risk that data cannot be effi-

ciently integrated and utilized by traditional non-digital data
collection methods in the traditional service industry. In the
management of robots, the attitude of the robot is based on
the behavior imparted by the technical means, and managers
do not have to worry about the robot’s attitude shifting in
the wrong direction. Reasonable and effective communica-
tion with employees is used in the traditional hotel industry
staff management to obtain high service levels and posi-
tive service attitudes [39]. However, it is a huge challenge
for managers, both in terms of effective employee supervi-
sion and improving service quality [39]. It is much easier
to manage robots with specific techniques than those with
rich emotions. For example, managers can easily modify and
customize the robot’s programs or tasks without considering
whether the robot is willing to accept such tasks. Although
the introduction of humanoid robots has reduced the require-
ments formanagers, exploring a suitable technical means has
also become a major challenge for this institute.
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Besides, some countries and regions face a labor shortage
due to the aging of the global population. For example, a
labor shortage in Taiwan brings great potential and motiva-
tion for the introduction of intelligent robots [20]. The nature
of hotel work is defined as an entry-level job, which provides
seasonal job-time employment opportunities for employees
in the industry [1]. Wei [43] further pointed out that entry-
level work, especially unskilled service tasks, will gradually
be replaced by automated robots. This robotic technology
solution enables hospitality to complement human services
by introducing new employee-based technology interfaces
in the self-service delivery process [11]. Therefore, a theo-
retical basis for the research institute to use intelligent robot
technology instead of manual services is provided by these
viewpoints to reduce the cost of manual services and con-
trol the quality of services. In these studies, field survey
methods were mainly used to obtain data. The problems
and challenges faced by the traditional hospitality indus-
try are summarized through the analysis of the data. The
introduction of intelligent robots can solve these problems
to a large extent. Besides, this view also paved the way for
the next study in the article. Moreover, the traditional hos-
pitality industry is moving towards a new model. Although
the technology replacement manpower will bring great con-
venience to managers in terms of human resources, it also
requires managers to choose the right technology to adapt to
the mode of their own operation. At present, there has been
a phenomenon in the market to replace labor with machines,
such as KFC’s self-service ordering platform. However, this
does not suggest that the utility of the humanoid intelligent
robot is similar to that of the self-service ordering platform.
The robots studied in this study focus on meeting the psy-
chologically and emotional needs of consumers (such as
communication between robots and consumers).

2.3 Innovative Cases with Service Robots

It is essential for hospitality to maintain a competitive advan-
tage in determining whether a hospitality company can
develop in the future. Innovative service methods using IT
capabilities can provide better solutions for maintaining a
competitive advantage [2,11]. From another perspective, the
introduction of new technologies can attract a large number
of potential customers and use the curiosity of potential cus-
tomers to help the service industry open up newmarkets. The
existing smart technologies can be applied in the new tech-
nologies to make the features easier for existing customers.
For example, knowledge-based or case-based reasoning can
provide robots with technical support to implement a rec-
ommendation system. Therefore, new opportunities can be
brought into themarket through the introduction of humanoid
intelligent robots. Besides, the use of new technologies also
enables companies to adapt to changing environments and

provide greater competitiveness to companies [19,38]. Kuo
[20] collected 53 data on themarket demand of hotels, reveal-
ing that robotic services can help hotels deal with seasonal
employment. Although the study did not detail the return on
investment in service robot development, it laid the ground-
work for further research on the views of customers and other
tourism stakeholders. Moreover, SWOT (StrengthWeakness
Opportunity Threat) analysis indicates that the promotion of
service robots can be increased by the pleasure and curios-
ity of consumers, and the demand for service robots can be
increased by the aging society. These viewpoints and con-
clusions are sufficient to verify that the challenges faced by
the traditional hotel industry in the previous section can be
solved by the promotion and application of service-oriented
robots [20].

It is noteworthy that the study of robots in hospitality is
very new and scarce, mainly descriptive, forward-looking,
or speculative [16]. Therefore, new problems and challenges
will be brought by the application of intelligent robots. Leung
[22] pointed out that stakeholder-defined new hospitality
owners revolve around revenue growth, service customiza-
tion, operational efficiency, and indoor automation. Since
there is a big gap between stakeholders and academia in
the definition of the intelligent hotel, stakeholders do not
know where to start when managing the intelligent hospital-
ity industry. Caleb Solly [6] believed that users can also help
robots when robots help users; meanwhile, users can give
feedback to optimize the system. The feedback reflects not
only the optimization of the robot system but also the satis-
faction of customers. Chung’s [7] study indicated that hotels
in the hospitality industry want to collect customer feedback
in real-time to immediately disseminate positive feedback
and respond to unsatisfactory customers while they are still
on the scene. Guests want to inform their experience with-
out affecting their privacy. Stakeholders in the hospitality
industry hope that intelligent robots can interact more with
users. Besides, Rodriguez [32] concluded that the optimal
distance between users and robots is 69.58cm. Specifically,
interaction with a certain greeting mode can attract users to
maintain a longer interaction time; robots with the active
search are more attractive to participants. The interaction
time is longer than that of passively searching robots, sug-
gesting that robots should be designed to keep at a certain
distance from humans and consider adding the ability to
allow robots to actively identify customers and attract them.
Bowen [3] claimed that robots will be an important asset
for many hotel organizations by the 2030s. The demand for
robots will be partly driven by labor shortages, as well as the
need to communicate with an increasing number of interna-
tional travelers and create memorable customer experiences
through the effective use of data available to customers. The
introduction of robotics technology will be a major interrup-
tion in the industry. Since success during this interruption
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Fig. 6 Sample of inclusion screening using JBI
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will require redesigning service delivery systems, robots can
create customer value with better products, lower prices, or
both. Service delivery redesign will also maintain a high-
level Customer Service [3].

Besides, studies by Bowen [3] and Ivanov [16] have indi-
cated that young people are more receptive to the novelty of
intelligent robots than older people. From another perspec-
tive, this suggested that the promotion of intelligent robots
is very significant. The intelligent robotic hospitality indus-
try will probably be widely popularized. Nowadays, most
of the robots used in the hospitality industry are human
and humanoid. However, through the analysis of a six-
dimensional customer willingness table, Lu [23] revealed
that the closer the robot is to humans, the more disgusted
and feared it will be by consumers. This demonstrated that
we should not choose robots that are too similar to humans
when choosing robots. Conversely, some cartoon or animal-
like robots can stimulate humans to feel comfortable about
them. People are more willing to accept robots like pets than
real people. In the case of Nakanishi’s research [26], most
participants admit that interacting with robots can produce
positive responses. However, some participants claim that
the hotel does not need such a system, which may be related
to a value-added but not essential service. Humanoid robot
interaction can increase customer satisfaction. For example,
the warm attitude of humanoid robots can provide customers
with a warm experience. Personal identification technology
may be an essential key to a better service system. Women
prefer to interact with robots. The verbal interaction of voice
control speakers has a negative impact on service evalua-
tion [26]. The research was limited and the researchers did
not take advantage of the ability of robots to collect data
for analysis and feedback, even though the results of the
study were negative. The simple greeting model in the study
did not give customers more knowledge and experience of
robotics. This explains from another perspective that the ser-
vice intelligence of the robot should be more biased towards
data collection and analysis and decision making.

The idea that the verbal interaction of the voice-controlled
loudspeakers has a negative impact is more desirable than
the users in the Chung [7] case, where the robot’s interactive
content is protected to some extent. Human-Robot Interac-
tion (HRI) is the focus of smart entertainment; Khan [18]
emphasized that the benefits of combining other areas of the
approach can benefit frommeaningful social interaction with
users because HRI is highly interdisciplinary. The results
indicate that robot partners must express their intentions and
skills as clearly as possible to avoid unmet expectations in
order to obtain a positive experience. Themotion and respon-
siveness of the robot often have a positive impact on the
perception of the robot, and the simplified user interface can
play a key role in enhancing the positive attitude towards
non-humanoid robots.

2.4 AI Application and Data Protection

2.4.1 Applied AI in Service Robotics

The results of the Kuo [20] case study in Sect. 2.3 illus-
trate that both stakeholders and consumers are more likely
to use the data to analyze and make decisions. This study
believes that the decision tree classification algorithm in arti-
ficial intelligence can be effectively applied to service robots.
A top-down recursive method is adopted in the decision tree
learning. The basic idea is to construct a tree with the fastest
decline in entropy value by using information entropy as
a measure. The entropy value at the leaf node is 0. It has
the advantages of readability and fast classification, and it
is supervised learning. Depending on the type of target vari-
able, decision trees can be divided into two categories. In the
discrete decision trees, the target variables are discrete, such
as gender, male or female. In the continuous decision tree,
the target variables are continuous, such aswages, prices, and
age [33]. The core content of the decision tree is to calculate
the entropy of different feature nodes. In information theory,
entropy is a measure of the uncertainty of a random variable,
indicating that the larger the entropy, the greater the uncer-
tainty of the random variable [24]. Let X be a finite number
of discrete random variables whose probability distribution
is:

P(X = xi ) = pi , i = 1, 2, ...n (1)

Then the entropy of the random variable X is defined as:

H(X) = −
n∑

i=1

pi log pi (2)

There are random variables (X ,Y ) with a joint probability
distribution of:

P(X = Xi ,Y = yi ) = pi j , i = 1, 2, ...n, j = 1, 2, ...m (3)

H(Y |X) represents the uncertainty of the random variable
Y under the condition that the random variable X is known.
The conditional entropy H(Y |X) of the random variable Y
under the given condition of the random variable X is defined
as the mathematical expectation of the entropy pair X of the
conditional probability distribution of Y :

H(Y |X) = −
n∑

i=1

pi H(Y |X = xi ) (4)

The corresponding entropy andconditional entropy are called
empirical entropy and empirical conditional entropy when
the probability in entropy and conditional entropy is esti-
mated from data (such as maximum likelihood estimation)
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[24]. The difference between the empirical entropy H(D) of
the set D and the empirical conditional entropy H(D|A) of
the D under the given condition A is the information gain,
indicating the classification of the data set D after the infor-
mationof the feature A. Thedegree of deterministic reduction
is defined as:

Gain(D, A) = H(D) − H(D|A) (5)

The operator can better obtain the factors affecting the quality
of the user experience by calculating the information gain.
Correspondingly, consumers can continuously improve the
quality of experience through feedback data.

2.4.2 Data Protection

Big data is the foundation for the development of artificial
intelligence systems. Artificial intelligence systemsmust fol-
low normative guidelines for the use of personal data. Abuse
of data or theft of privacy will be punished. Developers and
researchers in the development of artificial intelligence must
consider whether the program can protect citizens’ data and
privacy, whether they can treat each citizen’s data equally,
and whether they can guarantee the integrity of citizens’ per-
sonal information and the use of non-public data to obtain the
consent of the data owner. An appropriate balance between
protecting the privacy of citizens and developing emerging
technologies is required in legislation. There are many cus-
tomary laws and regulations regarding the use of data, such
as clear purpose, minimum use, public notice, and personal
consent. Therefore, different countries have formulated the
following laws and regulations for artificial intelligence and
data protection:

In 2016, the National Artificial Intelligence R&D Strate-
gic Planwas released in theUnited States. The fourth strategy
is used to ensure the safety of artificial intelligence systems.
The plan proposed to adopt a series of measures such as
enhancing the interpretability and transparency of artificial
intelligence, building a trust system, and enhancing veri-
fiability and identifiability to protect artificial intelligence
systems from attacks for long-term artificial intelligence
security and optimization [28].

In terms of privacy protection, the Federal Privacy Act of
1974was the basic law for the protection of privacy, followed
by the Federal Electronic Communications Privacy Act, the
Interim Regulations on the Protection of Citizens’ Internet
Privacy, and Personal Privacy and State Information Infras-
tructure, and other laws [12].

As for data protection and personal privacy, a number of
personal data protection directives such as the “Individual
Protection for Personal Data Processing and the Free Flow of
such Data” have been enacted in the EU to build a personal
data protection system. In May 2009, the European Com-

mission promulgated the “Recommendations on Privacy and
Data Protection Principles in the Application of Radio Fre-
quency Identification Technology” , which clearly included
information and transparency requirements, special require-
ments for retailers to use data, making clear identification of
designers using identity tags. It is strictly prohibited to enter
without an identity tag [8].

In 2016, the General Data Protection Regulations were
adopted in the EU; it cannot include special categories of
personal data in terms of automated decision-making, such
as ethnicity, political opinions, religious beliefs, chamber
members, biometrics, genes, health status, and sexual life.
Otherwise, it will have a major impact on the provision of
personalized services. In the same year, the General Regu-
lations on the Protection of Personal Data was enacted in
the EU, prohibiting all use of citizen personal data without
consent or law [9].

Therefore, the principle of protecting the privacy and per-
sonal data must be adhered to under all circumstances In the
era when personal data can be collected at any time. The EU
Legal Affairs Committee recommends that standards for the
protection of privacy, default privacy, informed consent, and
encryption should be further refined when formulating poli-
cies for the field of artificial intelligence. According to the
current German law, the ownership of data accumulated in
vehicles is in principle owned by the owner [45].

2.4.3 Intelligent Robot Anthropomorphization

At present, how to treat artificial intelligence, especially spe-
cific intelligent robots, is more radical in many countries.
Artificial intelligence is “personalized” and recognized with
its legal personality by making major revisions to the formu-
lation and implementation of laws.

As early as 2007, the Korean government established the
Robot Ethics Charter and established guidelines for robots
from the role and moral aspects. The Korean government’s
idea of developing this document is that intelligent robots are
highly intelligent. It will inevitably provoke the resistance of
intelligent robots and eventually lead to artificial intelligence
to counteract human populations if humans improperly use or
even “abuse” intelligent robots. On the surface, the original
intention of the document was still to protect human beings
while its provisions were to prevent humans from “abus-
ing” robots; in addition to utilitarian considerations, it also
contained a humanistic ultimate concern. If we only regard
artificial intelligence as an object, how do we “abuse” it?
Therefore, this document reflects the Korean government’s
tendency towards the subjectivity of human intelligence law
[13].

In 2016, the Legal Affairs Committee of the European
Commission submitted a motion to the European Commis-
sion to position the status of the most advanced automated
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robots as “electronic people”, giving robots “specific rights
and obligations” , such as advocating artificial intelligence.
The status of “worker” and the right to work are provided
to them. Besides, the Legal Affairs Committee also recom-
mends registration of intelligent automated robots for the
purpose of setting up separate fund accounts for taxation,
payment, and pensions. At present, the legal motion has not
yet been passed while its impact cannot be underestimated.
It will inevitably impact the traditional civil subject system
when it is passed.

On October 28, 2017, the Saudi government officially
granted the identity of the “female” robot “Sofia” Saudi cit-
izen at the “Future Investment Initiative” conference held in
Riyadh, the capital of Saudi Arabia. “Sofia” became the first
robot in the world to be granted the status of a legal sub-
ject. All the above examples verify that some countries have
begun to promote the recognition of the subjective status of
artificial intelligence from the legal level based on factors
such as culture, ethics, and technology.

3 Consolidated Results of Secondary
Research (Taxonomy)

It can be revealed by investigating a large number of
literature and cases that the traditional hospitality indus-
try faces low quality of employees, difficult management
of human resources, and the general lack of multilingual
ability of employees to serve customers in different coun-
tries [27,29,39]. Besides, some regions and countries are
encountering the challenges of labor shortage and the aging
workforce [20]. The selected cases have a positive impact
on solving the problems faced by the traditional hospital-
ity industry [2,11,19,38]. Most cases [2,3,11,19,38]indicate
that these problems can be effectively solved by intelligent
robotics.

However, most of the cases suggest that there is still the
challengeofHRI, even though the situation facedby the tradi-
tional hospitality industry can be effectively improved by the
robot. The conclusions of the case mainly focus on HRI. The
results reveal that it is best to keep adistanceof 69.58cmwhen
the customer communicates with the robot. Besides, adding
a certain greeting mode during the interaction process can
improve the interest and duration of customer interaction.
The human-like design would cause customers to resent.
The hospitality industry hopes that intelligent robots can
obtain more valuable information from customers such as
hotel experience feedback. Most customers want their pri-
vacy to be protected when interacting with the robot, and the
robot’s reactions and actions should not be too large or too
conspicuous. Moreover, personal identification technology
is an essential key to a better service system in some cases.
Furthermore, the robot has been primarily verified to enhance

Fig. 7 Historical results in service robotics

the customer experience; the intent and task of the robot to
enhance the user experience should be clarified.

At this stage, the legal and policy requirements for intel-
ligent robots in various countries mainly focus on data
protection, intellectual property protection, and the anthropo-
morphizing of intelligent robots. Some countries and regions
want to anthropomorphize robots and provide them with the
right to exist and enjoy citizens. Future ethical issues related
to robots will be accountable. The robot will penalize its
responsible person if it violates the law. However, how to
define “its responsible person” is under debate.

The robot service-related content first appeared in the
SEER, A SEquence Extrapolating Robot published in the
reference [30]. In this article, a robot design that can rec-
ognize the changing sequence used in the communication
industry is mainly described. Researchers believe that the
idea of adapting robots to changing sequences or scenes is
the original idea of AI. Since 1956, researchers have never
stopped investigating robots for human services. As illus-
trated in Fig. 7, robots have been employed inmore andmore
services since 1992. With the continuous development and
improvement of artificial intelligence, more and more arti-
cles have been published. By 2018, the literature on robots
in service has reached the highest point. In 2018, the article
on robots in the service industry over Scopus exceeded 1000
articles.

To date, Germany, the United States, and China are the
leaders in this field. Germany is a leader in computer sci-
ence subjects for the research of robotics in the hospitality
industry. As a leader in medicine, business management, and
economicss, the United States is more concerned with the
value that robots generate in this area. China focuses on engi-
neering and mathematics research. The contributions of the
UK, Japan, and Korea in these key areas are also evident (see
Appendix A for further details). One expected result(Fig.
8) is that the relevant research is dominated by engineer-
ing and computer science (73%), followed by mathematics
(9.6%), medicine (2.6%), and social sciences. (2.3%). This
study focuses on business management and economics (1%).
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Fig. 8 Scopus historical results
by discipline

Fig. 9 Scopus historical results
by publication venue

Fig. 10 Scopus historical
results by country
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Fig. 11 Taxonomy of service
robots by application areas and
types of robots

Most of the publications for service technology robotics are
engineering, computer science, and mathematics, as illus-
trated in Fig. 9. The file types are mostly conference papers.
Most publishers and conferences such as IEEE international
conference on intelligent robots and systems are mainly con-
cerned.As for intelligent robots and intelligent systems, the
examples of applications around the world are less likely
to remain in the experimental phase because the intelligent
robot hospitality industry is in its infancy and has not yet
developed a mature framework.

Overall, the United States and China have conducted
the majority research in this area. The number of research
publications in the countries such as United States, China,
Germany, Japan, and South Korea is not much different (Fig.
10).

Based on the research objectives and cases, this research
determines the taxonomy of robots involved in the literature.
As shown in the yellow block in Fig. 11, the robot taxon-
omy that this research focuses on is the service robot. It
is worth noting that the principle of the default priority of
humanoid robots has been obeyed in all the following cat-
egories. On this basis, it is further restricted, as shown by
the green block of Fig. 11. Restricted taxonomy includes the
following subcategories. The main subcategories are hotel
and restaurant robots, mobile navigation, information robots,
marketing robots, entertainment robots, and library robots.
These robots are shown as blue blocks in Fig. 11. The tax-
onomy is determined so that the researchers can find the
corresponding literature and the types of robots involved in
the research more quickly in future work.

Fig. 12 Conceptual Model of Service Robotics in Hospitality

4 Conclusion

According to the conclusions drawn in this section, ser-
vice robots in the hospitality industry should focus on
four aspects: interaction between users and robots, artifi-
cial intelligence-based service models, user data protection,
and responsibility allocation for robot management. These
four aspects can connect and communicate through customer
experience and feedback. Besides, user experience and feed-
back can be captured and updated through HRI, contributing
to the enhancement of the robot’s interaction model. The ser-
vice intelligence model of robots is trained and continuously
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updated based on user experience and feedback. In terms
of technology, the obtained user data is encrypted by using
different encryption means. As for laws and regulations, the
management and supervision of robots are managed using
responsibility distribution to ensure the efficiency and accu-
racy of robot work. These together constitute the concept
of service robotics in hospitality (Fig. 12). The conceptual
model is helpful for researchers to design and develop an
interactive framework that is applied in the hospitality indus-
try. The issues involved in the conceptual framework will be
further demonstrated in future work.
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